This study measures and compares the efficiency of Islamic banks in Malaysia and Indonesia using Data Envelopment Analysis (DEA), which is a non-parametric and deterministic methodology for determining the relative efficiency. The intermediation approach will be applied.
I. INTRODUCTION
However, the Islamic banking in Malaysia and Indonesia has experiencing a slower growth in the last two years. There are many factors that could be attributed to this slower growth. One of these factors is the competitiveness since in the dual banking system they have to compete head to head with the conventional banks. To win the competition, Islamic banks should know the strengths and the weaknesses relative to their competitor. Therefore, analysis of the efficiency of Islamic banks in comparison with conventional banks is very important to give a big picture of the strengths and weaknesses of Islamic banks and their competitors.
Despite of the importance, there are very limited study focusing on the efficiency of Islamic banks compare to the efficiency of conventional banks within a country or between countries, especially in Malaysia and Indonesia. These measures could be used as a guide for Islamic banks to improve their weaknesses to be able to compete in the global market and to achieve the intended goals to improve the market share. Moreover, the goal to strengthen Islamic banking structure could be achieved.
The objective of this study is to compare the efficiency of Islamic banks in Malaysia and Indonesia using intermediation approach. This study will identify the sources and level of inefficiency for each of the inputs and outputs. The measurement will give a relative efficiency of individual bank compare to its peer group in every aspect considered.
II. THEORY
The concept of efficiency rooted from the microeconomic concept, namely, consumer theory and producer theory. Consumer theory tries to maximize utility or satisfaction from individual point of views, while producer theory tries to maximize profit or minimize costs from producer point of views.
In the producer theory, there is a production frontier line that describes the relationship between inputs and outputs of production process. This production frontier line represents the maximum output from the use of each input. It also represents the technology used by a business unit or industry. A business unit that operates on the production frontiers is technically efficient. Considered from economic theory, there are two different types of efficiency, namely technical efficiency and economic efficiency. Economic efficiency has macro economic point of view, while technical efficiency has micro economic point of view. The measurement of technical efficiency limited to technical and operational relationship in a conversion process of input to output. Whereas, in economic efficiency price can not be considered as given, since price can be influenced by macro policy (Sarjana, 1999) . According to Farell (1957) , efficiency comprises of two components, namely: a. Technical efficiency describes the ability of a business unit to maximize output given certain amount of input.
b. Allocative efficiency describes the ability of a business unit to utilize inputs in optimal proportion based on their price.
When the two types of efficiency combined, it will produce economic efficiency. A company is considered to be economically efficient if it can minimize the production costs to produce certain output within common technology level and market price level. Kumbhaker and Lovell (2000) argue that technical efficiency is only one of many components economic efficiency as a whole. Nevertheless, in order to achieve economic efficiency a company should produce maximum output with certain amount of input (technical efficiency) and produce output with the right combination within certain price level (allocative efficiency). 
II.1. The Measurement of Efficiency
In the past few years, the performance measurement of the financial institution has increasingly focused on the frontier efficiency or X-efficiency (rather than the scale efficiency), which measures the deviation in performance of a financial institution from the best practices or costs-efficient frontier that depicts the lowest production costs for a given level of output.
The X-efficiency stems from technical efficiency, which gauges the degree of friction and waste in the production processes, and from the allocation efficiency, which measures the levels of various inputs.
Frontier efficiency is superior for most regulatory and other purposes to the standard financial ratios from accounting statements, such as return on asset (ROA) or cost/revenue ratio that are commonly employed by regulators, managers of financial institutions, or industrial consultants to assess the financial performance. This superiority lies on the usage of the programming or the statistical techniques in order to obtain better estimates of the underlying performance of the managers. This technique can removes the effects of the input prices differences and other exogenous market factors affecting the standard performance ratios (Bauer, et al., 1998) .
The frontier efficiency has been used extensively in regulatory analysis to measure the effects of the merger and the acquisition, capital regulations, deregulation of deposit rates, the removal of geographic branching restrictions and the holding company acquisitions, etc., on financial institution performance.
The tools to measure efficiency could be parametric and non-parametric. The parametric approach uses stochastic econometric and tries to eliminate the impact of disturbance to inefficiency, and commonly classified into 3 types, (i) the Stochastic Frontier Approach (SFA), (ii) the Thick frontier approach (TFA), and (iii) the Distribution-free approach (DFA).
These approaches differ in their assumptions about the shape of the efficient frontier, the treatment of random error, and the assumption of the inefficiencies and the random error distribution. The parametric methods have disadvantages relative to the non-parametric methods of having to impose more structure on the shape of the frontier by specifying its functional form. However, an advantage of the parametric methods is that they allow for random error, so these methods are less likely to misidentify measurement error, transitory differences in cost, or specification error for inefficiency (Bauer, et al., 1998 advantage of DEA is that, unlike regression analysis, it does not require an a priori assumption about the analytical form of the production function so imposes very little structure on the shape of the efficient frontier. Instead, it constructs the best practice production function solely on the basis of observed data, and therefore the possibility of misspecification of the production technology is zero. On the other hand, the main disadvantage of DEA is that the frontier is sensitive to extreme observations and measurement error (the basic assumption is that random errors do not exist and that all deviations from the frontier indicate inefficiency). Moreover, there exists a potential problem of ≈self identifier∆ and∆≈near-self-identifier∆.
II.2. The Financial Institution Efficiency
The financial institution efficiency like banks can be approached from their activities, which explain the relationship between the input and the output of the bank. These activities are typically classified into 3 types; the production or operational approach, the intermediation approach and the asset approach or the modern approach.
The first 2 approaches apply the classical microeconomic theory of the firm. The production approach describes the banking activities as the production of services to depositors and borrowers using all available factors such as labor and physical capital. The intermediation approach describes the banking activities as intermediary institution to transform the money borrowed from depositors (surplus spending units) into the money lent to borrowers (deficit spending units).
The third approach is an improvement of the first two ones. It applies the modified classical theory of the firm by incorporating some specificity of the banks activities including the risk management, the information processing and some other form of agency problems.
These specificities are crucial in explaining the role of the financial intermediaries (Freixas and Rochet, 1998) . See the summary in Sufian (2006) are the closest to the characteristics of Islamic banking. Some modifications might be needed to make it more representative.
2 As data on the number of employees are not readily made available, this study uses personnel expenses as a proxy measure. Banking efficiency has been a very important issue in a transition economy. All countries in transition have been encounter at least with one banking crisis, and many with more than one crisis (Jemric and Vujcic, 2002 
III. METHODOLOGY
This study will apply Data Envelopment Analysis (DEA). DEA is a non parametric and stochastic method to measure the relative efficiency of production frontier based on the multiple inputs and multiple outputs of decision making unit data. The non-parametric nature of DEA makes it require no assumption of the production function and the DEA approach will generate the production function based on observed data, hence the misspecification can be minimized.
DEA can be applied to analyze different kind of inputs and outputs without initially assigning weight. Moreover, the efficiency produced is a relative efficiency based on observed data. The preference of the decision maker can also be accommodated in the model.
III.1. Data Envelopment Analysis
Data envelopment analysis or DEA is a methodology for analyzing the relative efficiency and managerial performance of productive or decision making units (DMUs). The DEA allows us to compare the relative efficiency of banks by firstly determine the efficient banks as benchmarks and then measure the inefficiencies in input combinations (slack variables) of other banks relative to the benchmark (Jemric and Vujcic, 2002) .
The DEA is an alternative approach to regression analysis. While the regression analysis relies on central tendencies, the DEA is based on external observations. Furthermore the regression approach applies a single estimated regression equation to each observation vector,
while the DEA use and analyze each vector (DMU) separately to produce individual efficiency measures relative to the entire set under evaluation (Jemric and Vujcic, 2002) .
From the set of available data, the DEA identifies the reference points (relatively efficient DMUs) then define the efficient frontier as the best practice production technology and finally evaluate the inefficiencies of other interior points, (Jemric and Vujcic, 2002) . All the inefficient DMUs will lies below the efficient frontier.
Besides producing efficiency value for each DMU, DEA also determines DMUs that are used as reference for other inefficient DMUs. DMU = decision making unit n : number of DMU evaluated m : different inputs x ij : number of input i consumed by DMU j p : different outputs y kj : number of output k produced by DMU j Two most frequently used DEA models are the CCR model (Charnes, Cooper, and Rhodes, 1978 ) and the BCC model (Banker, Charnes, and Cooper, 1984) , both differ in their treatment on the return to scale. The CCR assumes each DMU operates with constant return to scale, while the BCC assumes each DMU can operate with variable return to scale.
Generally, the efficiency score of CCR model for each DMU will not exceed the BCC model. This is because the BCC model analysis each DMU ≈locally∆ (i.e. compared to the subset of DMUs that operate in the same region of return to scale) rather than ≈globally (Jemric and Vujcic, 2002) . Furthermore, a DMU like bank has similar characteristics one to another and each bank usually varies in size and production level. This emphasize that size will matter in the relative efficiency measurement. The CCR model represents (the multiplication of) pure technical and scale efficiencies, while BCC model represents technical efficiency only.
We define the relative scale efficiency a the ratio of CCR model and BCC model,
If the value of S = 1 means that the DMU operates in the best relative scale efficiency or in its optimal size. If the value of S is less than 1 means that there still exists scale inefficiency 
III.2. The Formulation of Performance Indicators
The Islamic bank is essentially a business entity and is functioning as financial intermediary and service provider that operate in compliance with Shariah. In addition, Islamic bank, which is a part of the Islamic economic system to bring rahmatan lil alamin -«mercy to all that exist», is inline to the general humanitarian concept to achieve the social welfare improvement and justice and to minimize the gap between the rich and the poor. From indepth interviews and focus group discussions we realize that the Islamic bank performance measurement should fulfill its responsibility to the shareholders (such as financial soundness and sustainability), to the customer (such as customer satisfaction), to the employee (such as fair treatment, facility and encouragement to perform religious duties), and to the society (such as role in improvement of social welfare and employment). Therefore, we suggest that comprehensive performance measurement should cover business, social, ibadah/da»wah, and shariah compliance aspects. Parameters of each aspect should reflect the true essence and characteristics of Islamic banking.
1. Business aspect measures the performance of an institution as a business entity, which could include financial, management, operation, etc. Business aspect, including efficiency and profitability, is important since sound and profitable business is needed for an institution to be able to serve and bring benefit to the society.
2. Social aspect measures the contribution of an institution made to the society, which could include zakah, infaq and shadaqah (ZIS), qardhul hasan, commitment to Muslims, commitment to micro, small and medium enterprises (MSMEs), commitment to under developed areas, corporate social responsibility (CSR), charitable activities, community involvement, etc.
3. Ibadah/ da»wah aspect measures the effort of an institution to help Muslims to perform their religious duties and improve their God consciousness (iman), which could include iman improvement for employees, ibadah facilities, socialization, etc.
Shariah compliance aspect measures the adherence of an institution»s activities to Islamic laws, which could include profit-and-loss sharing (PLS) ratio, financing to deposit ratio (FDR),
unlawful transactions, etc.
The description above should show clearly that the efficiency which is generally used to measure the performance in market-driven concept is only one part of the holistic performance concept explained above. The efficiency measure should be viewed with caution as it may ignore the social justice (dzulm).
IV. RESULT AND ANALYSIS

IV.1. Data Description
The sources of the data are from financial statements of the Islamic banks in Malaysia This study modifies the intermediation approach to better reflect Islamic bank activities, as also adopted by Sufian (2006) . Accordingly, we assume the Islamic banks produce Total Loans (y 1 ) and Income (y 2 ) by employing Total Deposits (x 1 ), Labor (x 2 ) and Fixed Assets (x 3 ).
Liquid assets are not included in since the Islamic banks are not dealing with the financial instruments transaction but in the business of providing financing to the real sector.
As data on the number of employees are not available we use the personnel expenses as a proxy. Table II. 
presents the aggregate series of inputs and outputs of Malaysian and Indonesian
Islamic banks included in this study. 
IV.2. Pre Tests
Theoretically, DEA does not require the proof that the samples are indeed belong to the same population and similar level of technology, hence comparable. However, since the DEA assumes that random errors do not exist and that all deviations from the frontier indicate inefficiency therefore the DEA is sensitive to any extreme observations and measurement error.
To minimize this disadvantage, some parametric and non-parametric pre tests are done to make sure that all samples are drawn from the same population. 
IV.3. DEA Results
The Islamic bank in Indonesia run efficiently in scale.
IV.3.1. Individual Bank Investigation
Deeper analysis on individual bank is presented on Table Appendix II Besides generating an efficient frontier another salient feature of DEA is its ability to generate a set of references for the inefficient bank to benchmark to. 
IV.3.2. Sources of Inefficiencies
Another useful feature of DEA is that it can identify the source of inefficiency. In 2005, the 3 largest sources in Malaysian Islamic Bank are financing (52.39%), labor (20.22%) and deposits (11,61%) . This means the Malaysian Islamic banks should increase their financing over the deposit (FDR) since the core business of Islamic bank is to extend the financing of the real sector. In general, the Indonesian Islamic banks are relatively more efficient than Malaysian in terms of the three measures applied on this study. The FDR in Indonesia has always been higher than 100 percent, reflecting a high contribution of Indonesian Islamic banking to the real sector. This conclusion should be further investigated as the FDR increase could also caused by a slower deposit mobilization, especially when the market interest rate increase and the fund is shifting to conventional bank in order to gain a higher return. Labor has been a problem of Islamic banks in Indonesia and requires top priority improvement.
V. CONCLUSION AND RECOMMENDATOIN
The Islamic banks also need further expansion both organically and inorganically to improve its scale and the overall efficiency.
The policy implications are straightforward especially as recommended below:
The Islamic banks in Malaysia should redirect their orientation not to follow the path of conventional banks, which mainly focus on the monetary sector by expanding the financing activities to improve their FDR. One alternative policy is to give an incentive for Islamic banks that extend more financing, while to give disincentive for Islamic banks that maintain excess liquidity and opt to place them in the short-term financial instruments.
The size of the Islamic (window) bank matters in Malaysia. Consequently, the window banks should be encouraged to convert to subsidiaries or full branches apart from their parent conventional banks. This strategy will improve their scale and overall efficiencies.
Instead of relying on organic expansion, which is naturally slow, this study recommend the rapid acceleration of the Islamic banks in Indonesia, directed by the government. The government is encouraged to expand inorganically by converting one state owned conventional bank into Islamic bank, preferably the one with large networks.
Human resource has always been a problem in Indonesian Islamic banking. In the short, the education and training should be conducted for every level of management. In the long term, special fields of study in Islamic economic and finance should be opened in graduate and undergraduate levels, as well as inserting Islamic economic and finance curriculum in high school.
Minimum budget allocated for human resources development is another proposed policy.
In addition, the government could give incentives by financing participation in human resources development program and also provide a free training for the Islamic bank officers. 
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